Introduction Child undernutrition is a major risk factor for child mortality and adult ill-health. Despite substantial progress in most health indicators, undernutrition remains high in Sri Lanka, with recent trends being unclear, owing to methodological differences in national surveys.
Introduction
Childhood under nutrition, manifesting as stunting, underweight and wasting, remains a substantial problem in Sri Lanka. Long-term sequelae include reduced cognitive ability and school performance, lower economic productivity, and decreased offspring birth weight [1] . Children who are undernourished in the first two years and put on weight rapidly later are at higher risk of chronic diseases, such as diabetes and ischaemic heart disease, both of which are increasing in Sri Lanka. Recent surveys have reported deteriorating trends in child malnutrition, but the published statistics lack comparability [2] [3] [4] [5] . Our study re-examines the data to estimate trends and disparities, and investigate determinants of stunting.
Methods
We used data from all relevant, recent, national (DHS 1987) . This allows the computation of the deviation in z scores of a child from the median of a reference population in terms of height for age (HAZ), weight for age (WAZ) and weight for height (WHZ). As per convention, stunting is defined as HAZ<2.0, wasting as WAZ<2.0, and underweight as WHZ<2.0.
To allow analysis of living standards, household wealth indices were constructed, based on household assets, using Principle Components Analysis (PCA), and households ranked into sample-weighted wealth quintiles [8] . The DHS 2006/07 report tabulated nutrition indicators by quintiles, but we report this for the first time for all DHS surveys. Variables were also constructed for the altitude of individual households using their GPS coordinates and for the level of mother's decision-making autonomy, using methods previously described [9] . For the NFSS, altitude was imputed as the average for the Grama Niladhari area.
Statistical analyses were carried out using Stata, version 12.0 (StataCorp, College Station, TX, USA), taking into account the multistage cluster sampling design of the surveys. During regression analyses, potential variable interactions were tested for, and multicollinearity of variables was assessed, using variance inflation factors.
Results

Trends in child undernutrition
The DHS 1987, 1993 and 2000 published statistics use the NCHS/WHO growth reference, which is based on a study of US children, whilst the DHS 2006/07 and NFSS 2009 used the newer 2006 WHO child growth standards, which are based on the WHO Multicentre Growth Reference Study (MGRS), involving exclusively breastfed children from six different regions of the world [10] [11] . The WHO 2006 standards produce higher estimates of stunting and wasting at all ages, and higher rates of underweight during 0-6 months, and lower thereafter. The differences in growth reference, age groups, geographic coverage and sampling design render trend comparisons using the published statistics invalid. To obtain comparable trends, we reanalysed all the surveys, excluding EP and NP, and consistently applied the WHO 2006 standard. Table 1 presents estimates of undernutrition from each survey, with aggregate estimates provided for comparable age groups of children aged 3-36, 3-59 and 0-59 months to facilitate comparison.
Stunting and underweight fell substantially from 1987 to 2000, but there was little change from 2000 to 2006/07, whilst wasting showed no real trend. The differences in prevalence between the two last surveys were only significant at 5% for wasting (survey-adjusted Wald tests for stunting p=0. 19 , for under weight p=0.08 and for wasting, p=0.04 for children aged 3-59 months). The NFSS 2009 estimates for undernutrition are higher than the DHS 2007/07 estimates, but they are not comparable, owing to differences in sampling design. Separate analysis indicates that its sample comprises poorer households than those in the DHS survey, which would lead to a systematic upward bias in its estimates.
Figure 1compares the age trajectories in mean HAZ, WAZ and WHZ scores in 1993 and 2006/07. HAZ starts close to standard in 1993, but growth falters substantially from 3 months to 30 months, declining at 0.06z scores per month, before stabilizing and then gradually recovering. In 2006/07, growth falters at a slower rate and stabilizes earlier by 24 months. WAZ starts with a substantial deficit, consistent with the high incidence of low birth weight, but subsequent trends in WAZ scores are similar to HAZ, confirming that the most critical period for growth faltering in Sri Lanka is the first two years of life, comparable to trends in most developing countries [12] . WHZ starts below the standard, and then falls steadily through the first 59 months, although the rate of decline reduces between the two surveys.
Disparities in undernutrition
Consistent inequalities in stunting and underweight are observed in all the surveys, details of which are separately published [13] . Stunting and underweight are higher in male and multiple births, and decrease with maternal education and body mass index (BMI). Both are higher and increasingly concentrated in the central hill country, higher in rural than urban areas, and highest in estate areas, but the urban-rural disparity is narrowing. Stunting and underweight are substantially higher in all surveys in Indian Tamils. In the most recent surveys, prevalence in Sri Lankan Tamils has been modestly aboveaverage, but less in Muslims than other ethnic groups. In contrast, but consistent with global patterns, disparities in wasting are small and have not changed significantly [14] .
Stunting and underweight increase with impoverishment of the family, as proxied by the wealth index ( Table  2) . Prevalence rates in the poorest quintile are three-times that in the richest quintile (DHS 2006/07 -stunting: 29% versus 8%, and underweight: 31% versus 11%). The wealth-associated inequalities in the NFSS data are smaller, but the wealth index for the NFSS incorporates fewer variables than for the DHS. This makes it a weaker proxy measure, which would yield a lower estimate of any socioeconomic gradient.
Wealth inequalities were quantified using the Concentration Index (CI) [9, 15] . The estimated CI values reveal substantial inequality in undernutrition, being negative and highly significant (p<0.001), and changing little over time. In comparison with a WHO-supported study of countries from all regions of the world, the degree of inequality in stunting in Sri Lanka in 2006/07 is greater than in 41 out of 48 countries, with the only countries with greater inequality being from Latin America, Nigeria and Turkey [14] . 
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Regression analysis
We then investigated the determinants of height-forage (HAZ) in the DHS 2006/07 and NFSS 2009 using multivariate linear regression, as reduced HAZ is the best indicator of chronic undernutrition. The NFSS data set is smaller than the DHS data set, but it includes a larger set of feeding indicators. Given the different trajectories of HAZ during the first two years and later, separate analyses were undertaken for children aged 9-23 months and 24-59 months of age. The nine month cut-off allows use of the recom-mended international indicators for assessing infant and young child feeding (IYCF) practices, which gauge breast feeding (BF) and complementary feeding [16] .
Selection of potential covariates was based on a literature review and the UNICEF framework for determinants of childhood malnutrition [17] . They were grouped into infant and birth factors, maternal characteristics, IYCF practices, household food security, household resources and characteristics and geographical location.
Model building was done in a stepwise additive manner, considering statistical significance and plausibility. Covariates that were dropped for reasons of no significant impact were teenage pregnancy, multiple birth, vitamin A supplementation, child illness in past two weeks (diarrhoea, fever, respiratory symptoms), mother currently in employment, access to safe water, household size, tsunami-affected neighbourhood, parity, preceding birth interval, maternal illness (taking medication for asthma, hypertension or heart disease), maternal decision-making autonomy and paternal education. The latter five were available in the DHS only. Table 3 and 4 present the final model estimates of the determinants of HAZ, based on analysis of the two data sets, but we focus on the analysis of the larger DHS data set. The impacts of several factors differ in the two growth periods, validating the decision to model each separately. The decrease in HAZ with child age during the first two years is statistically significant, but the subsequent increase with age is not statistically significant (p=0.26). Birth weight has a substantial, although diminishing, impact on attained height, with every 100 g increase in birth weight associated with a 0.04-0.07 increase in HAZ scores by the fifth year. Female children are smaller initially, but this disparity disappears later. Not being the firstborn child and increasing numbers of children in the family are associated with reduced growth, which might be due to competition for family resources. Altitude has a highly significant, negative impact on HAZ, equivalent to a 0.03-0.04 reduction in HAZ scores with every 100 metres increase in elevation. Its impact is consistent with studies elsewhere, and can be physiologically explained by the exponential decline of partial oxygen pressure with altitude and its impact on haemoglobin saturation [18] . Reference categories are Sinhalese (for mother's ethnicity) and poorest quintile (for household wealth). Reference categories are Buddhist (for mother's religion) and poorest quintile (for household wealth) impact in the first two years, but only maternal underweight is associated with reduced HAZ in subsequent years. In contrast, maternal height has a large and consistent positive impact on HAZ scores throughout, equivalent to a 0.03-0.05 increase in HAZ scores for every 1 cm increase in height. There is also a positive association between increased maternal education and HAZ, whilst being an older mother has a positive association after two years.
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Table 4. OLS regression estimates for child height-for-age (HAZ), NFSS 2009
In both data sets, we fail to find a consistent or significant relationship between most IYCF indicators and HAZ and, between the available household food security indicators, and HAZ in the NFSS data set. The only exception is continued breastfeeding for at least 12 months, which has a significant positive impact after 23 months. Access to improved sanitation was associated with an increase in HAZ in the NFSS data, but not in the larger DHS data, suggesting the association is spurious.
Household economic status and ethnicity have significant independent impact on HAZ scores in the DHS data only after 23 months. Growth is significantly and substantially reduced in the case of Indian Tamils and, to a lesser extent, in Muslims. Household wealth has an independent, direct impact equivalent to an increase of 0.4 HAZ scores between poorest and richest quintiles. This is only a quarter of the difference in observed scores between poorest (-1.6) and richest quintiles (-0.6), indicating that other factors explain most of the inequality.
To assess the relative magnitude of the impacts on HAZ of child feeding practices, household socioeconomic status, birth weight and maternal height, we used the DHS 2006/07 23-59 months model estimates to predict the impact of changing key determinants on predicted HAZ at 59 months. This involved adjusting selected factors to optimal values for all children in the sample, and then predicting the HAZ scores. As shown by the results in Figure 2 , improving IYCF indicators to the optimal level for all children has negligible impact, whilst adjusting household wealth or birth weight has significant impacts. However, the largest impact, equivalent to an increase of almost 0.5 z scores, or halving the negative HAZ scores, is seen when maternal height is adjusted to a level of 161.0 cm, which was the mean height of mothers in the multicountry study used to generate the WHO growth standards [11] . Sri Lankan mothers are much shorter than this, with a mean height of 152.4 cm in the DHS 2006/07.
Discussion
Our analysis confirms a substantial decline in stunting and underweight in Sri Lanka between the 1980s and 2000s, but no significant decline between 2000 and 2006/07. Differences between the DHS and the NFSS surveys prevent further assessment of the trend to 2009. This stagnation in the 2000s is despite significant increases in average living standards (real per capita GDP increased by 34% between 1998 and 2005), as well as substantial improvements in infant and child feeding practices, which have been claimed to be critical for improving undernutrition [12, 19, 20] . The degree of socioeconomic inequality in stunting and underweight is also high compared with other countries.
Other than proximate biological determinants, our results indicate that three major factors explain stunting in Sri Lanka: income, low birth weight and maternal height. Differences in child feeding practices and child and maternal illness have little influence, except continued breastfeeding for at least 12 months. The NFSS data do not reveal a significant relationship with food security, but the available variables do not directly assess actual food intake in quantity terms, and the sample was relatively small. On the other hand, the large positive impact of household living standards on HAZ after 23 months and the negative association with maternal underweight, which is strongly correlated with household wealth, suggest that income acts via its influence on access to food. The birth weight results reinforce this, as our previous findings suggest that poverty acts via food insecurity to increase the risk of low birth weight [9] . The impact of food insecurity is manifested initially, almost wholly, in reduced birth weights, and its continuing impact only becomes evident after the first two years of life in slowed growth. This implies that poverty reduction and increased food security provide the greatest potential for reducing stunting rates in Sri Lanka. Research to elaborate the role of food insecurity and its link with poverty in causing undernutrition in Sri Lanka, and to explain why food security has not improved for the poorest Sri Lankans despite strong economic growth in the past decade, should be of highest priority.
This leaves maternal height as the other major determinant of low birth weight, as well as subsequent Papers height growth and stunting. The substantial improvement in predicted HAZ when maternal height is adjusted to 161 cm is noteworthy. We explored this further, by reweighting the DHS 2006/07 data to match the reported distribution of maternal heights in the MGRS study that generated the WHO growth standard (mean=161.0, SD=7.2), which is equivalent to picking a sample of Sri Lankan mothers with similar height parameters [11] . In this reweighted sample, not only are HAZ scores substantially higher, but the overall rate of stunting falls to 4% in the richest quintile (overall 9%, poorest quintile 19%), implying that in the most affluent families in Sri Lanka, the children already grow at similar rates to the WHO reference population, when maternal heights are similar. This implies that about half the shortfall in child height growth in Sri Lanka, and almost all that in richest quintile, can be explained by the shortness of the average Sri Lankan mother, compared to those in the MGRS study. Since adult heights reflect not only genetic potential but also epigenetic influences from previous generations, and since there is no evidence to indicate differences in genetic potential for height between most human populations, a substantial part of the stunting observed in Sri Lanka must be due to epigenetic factors that are proxied by current adult heights, indicating the importance of intergenerational influences. A similar explanation has been offered in the study of child growth in Hong Kong SAR, a population which is one of the ten most affluent and healthiest in the world, but where mothers remain shorter than in the WHO MGRS study [21] . Our Sri Lankan findings echo this, and suggest that the WHO growth standards may not adequately describe optimal growth patterns in populations where epigenetic factors still substantially constrain adult heights.
Introduction
Low birth weight (LBW) babies (birth weight <2.5kg) are known to have a poor perinatal outcome and to make a disproportionate contribution to perinatal deaths [1, 2] . In addition, they are prone to important long term complications [3] .
LBW babies born at term could be considered as being small for gestational age (SGA) irrespective of ethnicity and maternal body mass index (BMI). There are a multitude of immediate and inter-generational risk factors that underlie the birth of a baby who weighs less than 2.5 kg at term. These include short maternal height, low maternal BMI, poor weight gain during pregnancy, maternal race, medical disorders complicating pregnancy (e.g. hypertension), substance abuse and a previous low birthweight baby. Many studies have addressed these factors, but there is little quality evidence on the future reproductive performance of women who have previously delivered LBW babies.
The majority of risk factors for LBW are likely to persist into future pregnancies and these women could potentially be at higher risk of a repeat birth of a LBW baby. Risk factors for LBW are also common to other adverse pregnancy outcomes and it is possible that the birth of a LBW baby may point to other adverse outcomes in future pregnancies. It could therefore serve as a risk factor to screen women during pregnancy.
Two previous studies have shown that women who delivered LBW babies have a greater tendency to repeat a LBW birth. However, both these studies were not restricted
